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In this study, the heavy metals pollution in water, sediments and different tissues (root, stem and leaf) of mangrove 
forest, Avicennia marina, from Qeshm Island, Persian Gulf was investigated. Sampling was performed in 10 stations along 
the Qeshm Island and Khmir Port located in Hormozgan province. The average concentration of metals was measured using 
the ICP-AES. The average concentration of Cd, Ca, Zn, Cr, Al in water samples was: 0.015 µg.g-1, 66.4 µg.g-1, 0.014 µg.g-1, 
0.01 µg.g-1and 62.15 µg.g-1, respectively.  The average concentration of Cd, Ca, Zn, Cr, Al in leaf of A. marina was: 0.11, 
4954, 12, 1.07 and 721 µg/g; in stem tissues it was 0.07, 10.04, 1.16 and 648.54 µg/g, and in the root tissues it was 0.24, 
18234, 14.4, 7.24 and 1982 µg/g, respectively. Also, the average concentration of metals (µg.g-1) in sediment samples was 
1.04 for Cd, 48.18 for Zn, 79.61 for Cr and 27578 for Al. The decreasing trend of metals concentration in water, sediment 
and tissues of A. marina in all stations was observed as Ca > Al > Cd > Zn > Cr.   There were significant differences in 
metals concentration between tissues of A. marina (P<0.05), with the highest level absorbed in root, followed by leaf and 
stem. High positive correlation between heavy metal concentration in the sediments and root showed that root tissue of A. 
marina which accumulates metals and transport them to leaves can be an appropriate biomarker for detection of heavy 
metals in marine coast areas. 
[Keywords: Heavy metal, Mangrove forest, Avicennia marina, Qeshm Island, Khmir Port Persian Gulf] 
Introduction 
Heavy metals play a significant role in terms of 
marine pollution. These contaminants can either 
remain for a long time in sediment and turn it into the 
main source of heavy metals for aquatic organisms or 
get directly into organisms and accumulate in their 
tissues1. Heavy metals, even in trace, could be 
transferred through food chains and accumulated in 
high amounts in the upper trophic level of the food 
chain such as carnivorous fish2,3. Thus, human who 
consumes these exposed organisms may be more at 
risk of various health problems such as neurological 
damage, cancer and mutagenesis. The serious 
problem of heavy metals could occur when they act as 
inhibitors of enzyme activities4,5. 
Determination of heavy metals distribution in 
sediments around the mangrove forest in aquatic 
ecosystems can provide valuable information about 
sources of metal or related background of 
contamination and may provide historical evidence of 
the anthropogenic effect in the aquatic environment6. 
The difference in heavy metal concentration in the 
marine environment can be caused by industry, 
domestic sewage, boating activities, mining, and 
refining7,8. The distribution of heavy metals in aquatic 
environments is positively correlated to population 
density and urbanization via the large uncontrolled 
input from industrial activates. Heavy metals are able 
to accumulate in marine sediments and thus get 
transported to animals and plants associated with 
sedimentation8, 9,10. 
Coastal and marine ecosystems are potentially at 
risk due to high concentration of heavy metals in 
sediments and organisms5,11. Mangrove plants 
comprise a group of intertidal plants that dominate the 
coastlines of many tropical and subtropical regions. 
They are highly productive and play a vital role as the 
major primary producers in estuarine ecosystems12. 
The mangrove forest sediments have a high potential 
for storing heavy metals from the water in tropical 
and subtropical regions. The high capability of 
mangrove to absorb and store heavy metals in its 
sediments is because of the physico-chemical 
properties of these sediments10,11,12. Therefore, the 
mangrove forest sediments can be good indicator of 
heavy metal concentration, which can transfer the 
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pollutants to the mangrove tissues. Therefore, it is 
necessary to study heavy metals distribution and 
pollution in different tissues of the mangrove, such as 
Avicennia marina.   
Avicennia marina, commonly known as grey or 
white mangrove, is a species of mangrove tree 
classified in the plant family Acanthaceae that is 
distributed along the Persian Gulf12. There are very 
limited studies of assessing concentration of heavy 
metals in mangrove forest areas in the Persian 
Gulf10,15. But, it is the first time that concentration of 
heavy metals was evaluated in different tissues of  
A. marina from Qeshm Island and Khamir port areas.  
The purpose of this study was (I) To measure 
heavy metal concentration (Ca, Al, Mg, C, Zn, Cr) in 
water, sediment and different tissues (root, stem and 
leaf) of the mangrove A. marina, (II) To determine 
distribution pattern of heavy metals in different 
matrixes, (III) To compare pollution level with 
guidelines and other ecosystems. 
 
Materials and Methods 
Qeshm Island is an Iranian island in the Strait of 
Hormuz, and is the largest island in Iran. This Island 
is one of the main economic assets of the north coast 
of the Persian Gulf serving a variety of industrial 
activities. Sediment samples were obtained from 10 
stations between Qeshm Island and Khamir Port.  
Surface sediments samples (0–10 cm) were 
collected around the plant roots by a Van Veen Grab, 
sectioned and then stored in pre-combusted glass jars 
in a freezer (−20 °C) until analysis4. Before analysis, 
sediments were freeze-dried and ground to achieve 
homogeneity. 
Water samples were collected from 0.5-1 m depths 
using Niskin's bottle, fixed by nitric acid ( pH < 2), 
transported to the laboratory and stored at 4 °C  
until analysis12,13. 
The sieved sediment was powdered using an agate 
mortar and pestle. About 0.5 g of the powdered 
sample was placed in a Teflon beaker containing  
10 ml aqua regia (HNO3 + HCl, 1:3 v/v). The mixture 
was heated until most of the liquid evaporated and 
was allowed to cool before 5 ml of hydrogen fluoride 
(HF) was added. The samples were further cooled to 
room temperature for 1 h before being filtered5, 6. The 
residue was filtered through a Whatman filter paper 
(No. 42) and diluted to 50 ml with distilled deionized 
water. For each digestion program, a blank was also 
prepared in the same manner as that employed for 
sediment samples with equal amount of acid6. The 
blank was also run at the same time. Blanks were used 
for correction of background and other sources of 
error (Zarei et al. 2014). Metal concentrations were 
determined by ICP-AES13. 
The tissue samples were collected from all stations 
manually. In each station, the leaf samples were  
collected from  a distance of about 1 m from the 
ground. The nutrient roots were sampled for 
analysis15.  Stem and root tissues were collected from 
the same plants using steel knife. Tissue samples were 
stored in pre-clean and labeled polyethylene boxes 
after washing with sea water and transported to the 
laboratory in ice14,16. 
Plant tissues were washed with distilled water and 
kept in oven at 60 ˚c for 24 hours to dry. The dried 
tissues were grinded using porcelain mortar and kept 
in deep freezer until analysis. Three repetitions of 
grinded tissue samples from every station were 
digested. One g of sample  tissue was digested using 
10 ml HNO3:H2O2 for 2 hours at 90 ˚c using the  
Hot plate. The digested samples were cooled and 
diluted to the volume of 50 ml at laboratory 
temperature and filtered with 42 micron filter paper. 
Metal concentrations were determined by a  
ICP-AES16,17,18. 
 
Enrichment factor (EF) analyses 
It is well known that metals originating from the 
same source generally group together, mainly in silt 
and clay fractions; and enrichment, if it occurs, can be 
observed by using anormalization procedure that 
offsets the variability in mineralogy and grain size by 
establishing the enrichment factor (EF) defined as 
ratio between the element concentration and the 
conservative element concentration in the sample and 
between the element concentration and the 
conservative element concentration in the background 
reference values, in this case, the surrounding soil of 
the dam18. The elements of natural origin that are 
structurally combined with one or more mineral 
phases are considered conservative. The main 
assumption for the application of a geochemical 
normalization for conservative elements is the 
existence of a linear relationship between the 
normalizer and other metals with a condition that its 
concentration should not be anthropogenically altered 
(Guilherme et al. 2011). In this study, EF was used as 
a normalizer according to the equation:  
EF = [Cn/CSc] sample / [Cn/CSc] (shale)19 
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According to Idris (2008), if 0.5 < EF < 1.5, the 
elemental concentration is probably entirely due to 
crustal or natural weathering origin; the values above 
1.5 indicate anthropogenic contribution. The higher 
the EF value, the more severe is the anthropogenic 
contribution (Guilherme et al. 2011). 
All data were tested for normal distribution with 
Shapiro-wilk normality test. One-way analysis of 
variance (ANOVA) followed by Duncan post hoc test 
was used to compare the data by station and tissue.  
The metal concentration of each sample was 
expressed in micrograms of metal on gram dry weight 
(µg/g) and a probability of p = 0.05 was set to indicate 
statistical significance. 
 
Results and Discussion 
Heavy metal (Cd, Ca, Zn, Cr and Al) concentration 
in water samples from different stations                                                                                                                 
are shown in Table 1. The level of heavy metal 
between different stations ranged from 0.008 to 0.029 
for Cd, 59.07 to 71.96 for Ca, 0.005 to 0.045 for Zn, 
0.004 to 0.023 for Cr, and  from 27.92 to 130.5 for Al. 
Based on the results of present study, the mean 
concentration in all stations was 0.015 µg/g for Cd,  
66.42 µg/g for Ca, 0.014 µg/g for Zn, 0.01 µg/g for 
Cr, and 62.15 µg/g for Al. The comparison of 
different heavy metal levels in all stations showed that 
the highest level was for Ca > Al > Cd > Zn > Cr. 
The concentration of heavy metal in the sediments 
collected from 10 stations from Qeshm Island is 
shown in Table 2. The level of heavy metal between 
different stations ranged from 0.42 to 1.58 for Cd, 
42.03 to 55.14 for Zn, 0.004 to 0.023 for Cr, and  
from 27.92 to 88.47for Al. Based on the results, the 
mean concentration in all stations was 1.04 µg/g for 
Cd,  48.18 µg/g for Zn, 79.61 µg/g for Cr, and 27578 
µg/g for Al. The results showed that maximum and 
minimum level of Cd was absorbed in Khamir 2 and 
Soheili, respectively. The highest level of Zn and Cr 
was absorbed in Soheili and the lowest level of Zn and 
Cr absorbed in Laft 2 and Tabl 3 station, respectively. 
Also, the minimum and maximum levels of Al were 
detected in Laft 2 and Khamir 3, respectively. 
The comparison between heavy metal 
concentrations in all stations showed that the highest 
concentration were for Ca, followed by Al, Cr, Zn and 
Cd. Therefore, the arrangement of different metals in 
all stations was as Al > Cr > Zn > Cd. 
The accumulate of heavy metal in sediment could 
relate to environmental parameters such as salinity, 
temperature and seasonal variation and also sediments 
characters such as size grain and chemical compound 
(organic carbon, carbonate and organic material)19. 
Changes in all factors can cause changes in the heavy 
metals concentration in the sediment. Decrease in the 
size grain and also increase in the chemical 
components in the sediments are important factors for 
accumulation of heavy metals in sediments. 
Therefore, the highest levels of heavy metals were 
detected in stations with small size grain and high 
chemical components17-20.  
The high concentration of non-essential heavy 
metals in the marine sediments is likely to be due to 
anthropogenic pollutant inputs from rapid 
urbanization and industrialization10,12. There are 
different sources of heavy metal pollution around the 
Persian Gulf, such as oil and petrochemical industries, 
agriculture and other industry. The sources of heavy 
metals in the considered areas are mainly natural as 
well as anthropogenic through the impact of oil 
refinery wastes, untreated sewage effluents, and 
cement plants, which have increased over the past 
years. Therefore, Qeshm Island is one of the coasts of 
Table 1 — Metal concentration in water samples from  
different stations 
Al Cr Zn Ca Cd Station 
38.08 0.009 0.034 71.46 0.008 Soheili 
27.92 0.007 0.045 64.77 0.013 Tabl 1 
37.18 0.012 0.005 59.65 0.017 Tabl 2 
43.74 0.006 0.006 66.68 0.015 Tabl 3 
82.04 0.009 0.012 71.96 0.014 Laft 1 
111.0 0.014 0.009 68.49 0.014 Laft 2 
130.5 0.023 0.007 70.85 0.014 Laft 3 
58.86 0.009 0.006 68.66 0.019 Khamir 1 
48.4 0.01 0.009 62.58 0.008 Khamir 2 
43.79 0.004 0.007 59.07 0.029 Khamir 3 
62.15 0.01 0.014 66.42 0.015 Mean 
 
Table 2 — Metal concentration in sediment samples from 
different stations 
Al Cr Zn Cd Station 
27940 88.47 55.14 0.42 Soheili 
25820 80.02 51.64 0.51 Tabl 1 
30370 84.87 58.24 0.97 Tabl 2 
27040 68.81 43.40 1.04 Tabl 3 
31690 83.45 46.66 1.19 Laft 1 
32330 79.54 42.03 1.30 Laft 2 
30420 82.02 48.75 1.23 Laft 3 
25770 71.58 42.43 1.26 Khamir 1 
23020 79.25 46.41 1.58 Khamir 2 
21380 78.09 47.07 0.90 Khamir 3 
27578 79.61 48.18 1.04 Mean 
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Persian Gulf, wherein due to different sources of 
heavy metal pollution in this area, pollutants 
accumulate in sediments and organisms.  
According to De Mora et al. (2004) and Einollahi 
Peer and Safahieh (2011), high concentration of 
heavy metals in sediments can be influenced by local 
mineralogy derived from Oman ophiolites than 
anthropogenic input10,11,12. Abdolvand (2010) also 
determined the concentration of metals in the 
sediments of Hormoz Island in Persian Gulf 
influenced by Oman ophiolites13. Whilst Ni may be 
causing slight contamination for mangrove trees in 
these areas. Many researchers have shown that 
anthropogenic pollutant specific oil and petrochemical 
industries and Oman ophiolites are sources of heavy 
metal pollution in the water and sediments of different 
coasts in Persian Gulf5,13,14. 
Metal concentration in leaf samples of A. marina is 
shown in Table 3. The results showed that metal 
concentration ranged from 0.06 to 0.17 with mean 
0.11 µg/g for Cd, 3697.66 to 7123.51 µg/g with mean 
4954.24 µg/g for Ca, 8.45 to 20.53 with mean 11.97 
µg/g for Zn, 0.30 to 2.02 with mean 1.07 µg/g for Cr, 
and 397.49 to 1404 with mean 721.18 µg/g for Al. 
The comparison between heavy metal concentrations 
in all stations in the leaf samples of A. marina showed 
the highest concentration was for Ca, followed by Al, 
Zn, Cr and Cd. Therefore, the arrangement of different 
metals in all stations was Ca > Al > Zn > Cr > Cd. 
The heavy metal concentration in stem samples of 
A. marina collected different stations are shown in 
Table 4. The metal concentration in the stem tissue of 
A. marina ranged from 0.03 to 0.13 with mean  
0.07 µg/g for Cd, 4941.26 to 8840.57µg/g with mean 
6453.68 µg/g for Ca, 7.14 to 13.66 with mean  
10.04 µg/g for Zn, 0.77 to 2.01 with mean 1.16 µg/g 
for Cr, and 404.02 to 1418.33 with mean 648.54 µg/g 
for Al. Between all metals, the highest levels were for 
Ca, followed by Al, Zn, Cr, and Cd. Also, the 
arrangement of metals in the stem samples of  
A. marina in all station was Ca > Al > Zn > Cr > Cd. 
The heavy metal levels in in root tissue of 
mangrove forest A. marina collected from different 
stations are presented in Table 5. Based on present 
results, the level of metals in the root samples ranged 
from 0.13 to 0.34 with mean 0.24 µg/g for Cd, from 
12018.57 to 30894.09 with mean 18234.27 µg/g for 
Ca, from 10.50 to 17.17 with mean14.39 µg/g for Zn, 
from 3.08 to 9.09 with mean 7.24 µg/g for Cr, and 
from 674.50 to 2767.84 with mean 1982.12 µg/g for 
Al. The comparison of metal concentrations in the 
root tissue of mangrove plant A. marina indicated that 
highest and lowest of metal concentration were for Ca 
and Cd, respectively. Also, the arrangement of heavy 
metals concentration in the root tissue of A. marina in 
different stations was Ca > Al > Zn > Cr > Cd. 
The results of correlation test between heavy 
metals in sediments with different tissues of  
A. marina are shown in Table 6. The results indicated 
that there was high positive correlation between heavy 
Table 3 — Metal concentration in leaf samples of  A. marina 
Station Cd Ca Zn Cr Al 
Soheili 0.09 7080.01 13.02 0.60 1078.80 
Tabl 1 0.17 4449.81 10.03 2.00 450.87 
Tabl 2 0.16 3697.66 8.85 2.02 397.49 
Tabl 3 0.16 4190.24 8.45 1.28 466.88 
Laft 1 0.08 3459.32 8.60 1.16 545.40 
Laft 2 0.14 3738.10 8.56 1.30 545.35 
Laft 3 0.08 3979.44 9.30 0.96 533.98 
Khamir 1 0.09 5079.23 20.53 0.50 720.49 
Khamir 2 0.09 6745.05 16.17 0.55 1068.17 
Khamir 3 0.06 7123.51 16.19 0.30 1404.33 
Mean 0.11 4954.24 11.97 1.07 721.18 
Table 4 — Metal concentration in stem samples of  A. marina 
Al Cr Zn Ca Cd Station 
506.23 1.38 12.23 7210.96 0.07 Soheili 
404.02 1.27 9.04 8840.57 0.08 Tabl 1 
436.65 1.24 8.84 7338.59 0.09 Tabl 2 
700.13 0.92 10.44 6428.51 0.13 Tabl 3 
500.32 0.87 11.54 5846.20 0.08 Laft 1 
619.10 0.77 8.91 5939.34 0.03 Laft 2 
635.92 0.79 13.66 6147.31 0.10 Laft 3 
551.19 0.90 9.67 5041.35 0.03 Khamir 1 
1418.332.01 7.14 6802.71 0.05 Khamir 2 
713.53 1.44 8.89 4941.26 0.05 Khamir 3 
648.54 1.16 10.04 6453.68 0.07 Mean 
 
Table 5 — Metal concentration in root samples of  A. marina 
Al Cr Zn Ca Cd Station
2691.21 9.09 17.17 16645.92 0.32 Soheili
2196.99 7.80 11.24 19669.46 0.34 Tabl 1
2124.63 8.69 11.46 12018.57 0.27 Tabl 2
1739.82 6.45 10.50 12102.30 0.27 Tabl 3
2767.84 8.70 15.49 29237.39 0.25 Laft 1
2744.40 9.55 16.85 30894.09 0.17 Laft 2
2272.25 8.20 16.29 16285.22 0.26 Laft 3
674.50 3.08 12.42 16981.53 0.18 Khamir 1
1030.04 4.59 14.52 13178.63 0.13 Khamir 2
1579.47 6.30 17.95 15329.58 0.23 Khamir 3
1982.12 7.24 14.39 18234.27 0.24 Mean
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metal in sediment with those in root tissue of  
A. marina. The correlation level for metals in 
sediment and root were 0.73 for Al, 0.68 for Cr, and 
0.87 for Cd. There was negligible correlation for Zn 
between sediment and root tissue (0.081). 
The correlation level for heavy metals was medium 
in sediment with stem tissue of mangrove A. marina, 
and the level was 0.49 for Al, 0.213 for Cr, 0.138 for 
Zn, and 0.255 for Cd. In all metals, the highest 
correlation was for Al and the lowest level was for Zn 
between sediment and stem tissue. 
The correlation level for metals between sediment 
and leaf tissue was 0.71 for Al, 0.16 for Cr, 0.244 for 
Zn, and 0.267 for Cd. Therefore, there was significant 
correlation for Al between sediment and leaf tissue, 
but other metals have medium correlation between 
sediment and leaf tissue of A. marina. 
The comparison of heavy metals in mangrove  
A. marina showed significant differences between 
different tissues (P<0.05), with the highest level 
detected in root and the lowest level in stem, and the 
arrangement of metals in the tissues of A. marina was 
root > leaf > stem. Pakzadtoochaei (2013) showed 
significant differences in heavy metals between 
different tissues of A. marina, with the highest level 
of metal absorbed in the root tissue11. Shirvani 
Mahdavi et al., (2011) showed that the highest 
concentration of heavy metal was detected in the root, 
followed by leaf and stem of the A. marina12. Also, 
some other studies showed that the root tissue in  
A. marina can absorb high concentration of heavy 
metal than the other tissues such as stem and leaf12,15. 
Nirmal Kumar et al. (2011) were determined that 
A. marina accumulated high concentration of heavy 
metals in the root system compared to the other parts 
of plant, because roots can absorb metals from 
sediments and transport to other tissues21. Also, this 
finding supported the suggestion that mangrove roots 
may act as a barrier for heavy metals translocation to 
the leaves of many mangrove plants. The accumulate 
of heavy metals in tissues of plants due to 
physiological differences and the variations that exist 
in accumulation strategies of different plant tissues. 
The root tissue can absorb heavy metals from 
sediments and transport them to other tissues such as 
stem and leaf22. 
Comparing the two, it was also concluded that 
essential metals (Zn and Ca) had lower concentration 
in root tissues, while non-essential metals (Cd, Cr and 
Al) showed higher concentration in this tissue. These 
changes may be the result of the plant’s defense 
strategies for concentrating non-essential metals in 
this tissue and also the plant’s physiological need for 
essential metals like Ca and Zn. Ca is considered to be 
one of the essential metals for the plant which by 
itself is an effective factor for its equal concentration 
in different parts of the plant. The metals, Ca and Zn 
have a part to play in chloroplast processes, protein 
synthesis, enzyme activities, growth hormones, and 
carbohydrate metabolisms. The low concentration of 
metals in tissues of A. marina is due to their 
unavailability in sediment for uptake by plants, 
present below the sediment bioavailability threshold. 
The increase of Cd, Cr and Al concentration in the 
root, compared to other tissues, could be an indicator 
to root’s capability for more concentration of metals 
than other tissues. Since the root is in direct contact 
with the sediment, it can be stated that heavy metal 
concentration changes in the sediment would directly 
affect it. Especially according to the results of the 
present study, this relationship for non-essential 
metals exists only in the root. Therefore, mangrove 
root tissues are sufficient tool to transfer heavy metals 
from the environment to the plant’s tissues. Therefore, 
the mangrove plant can be removal pollutants such as 
heavy metal from marine environment. 
Pakzadtoochaei (2013) showed high correlation in 
metals concentration between root and sediment11. 
Also, many other studies suggested high correlation in 
metals concentration between root and sediment, 
because increase in metal concentration in sediment 
causes increase in metal levels in root17-21. Therefore, 
the high correlation between root and sediment in 
heavy metals concentration related to contact of root 
with sediment that can absorb metal from sediment 
and transport to other tissues of plant. The increase in 
metal concentrations in sediment can increase the 
metal concentration in root tissue and its transport to 
other tissues22. 
Biomarkers can be used to survey heavy metals in 
the coastal area. A biomarker is a biochemical or 
cellular variation that can be measured in tissue or 
Table 6 — The regression between metal in sediment and tissues 
of A. marina 
 Metal Leaf Stem Root 
Sediment Al 0.71* 0.49 0.73*
Cr 0.16 0.213 0.68*
Zn 0.244 0.138 0.081 
Cd 0.267 0.255 0.87*
INDIAN J. MAR. SCI., VOL. 48, NO. 06, JUNE 2019 
 
 
904
body fluid samples of an organism that provides 
evidence of exposure to effects of pollutants, 
including heavy metals. The biomarker must 
demonstrate a quantitative relationship between either 
environmental and accumulated metal levels or the 
biochemical parameter measured and also exhibit 
both spatial and temporal maintenance of the 
relationship. These correlations showed that the 
tissues of A. marina specific can be good bioindicator 
for heavy metals pollution in the marine environment. 
Therefore, the mangrove plant A. marina can be used 
for study on pollution in the marine coasts. 
Linear regression analysis showed significant 
correlation in Al, Cr and Cd concentrations between 
sediment and root tissues of A. marina, and also in  
Al concentration between sediment and leaf tissues, 
but there was no significant correlation between Cr,  
Zn and Cd in sediment with leaf tissues and between 
all metals in sediment and stem tissue of mangrove 
tree, A. marina. 
The EF for heavy metal in mangrove forest 
sediments is shown in Table 7. The EF is 3.47 for Cd, 
0.507 for Zn, 2.27 for Cr, and 0.344 for Al in the 
mangrove forest sediments collected from all stations. 
Therefore, sources of Cd and Cr concentrations in the 
sediments are related to human or industrial activities 
such as oil industry in the study area, but sources of 
Zn and Al concentration in the sediments are natural 
and related to the earth crust. 
The EF level for heavy metals in the sediment is 
3.37 for Cd, 2.27 for Cr, 0.507 for Zn, and 0.344 for 
Al. Therefore, EF showed the sources of Cr and  
Cd were related human activities and anthropogenic 
pollutant, because the EF > 1.5 shows that sources of 
heavy metal in the sediments are related to human 
activities, but EF<1.5 shows that heavy metal 
concentration is related to natural activities or earth 
crust. Therefore, sources of Cd and Cr levels in 
sediment are anthropogenic pollutant such as oil 
industry, but sources of Zn and Al in sediments are 
natural and earth crust. Pakzadtoochaei (2013) 
showed EF for Cd, Cr and Ni higher than 1.5, and 
those sources are human activities11. Einollahipeer et 
al. (2013) and Zarezadeh et al. (2017) showed 
concluded EF for metals Ni, Cr, Hg and Co related 
human activities, oil and petrochemical industries in 
Persian Gulf7,9. Therefore, results of this study and 
previous studies in Qeshm Island (Persian Gulf) 
indicated that sources of toxic metals are related to 
human activities. 
The comparison of metal concentration in the 
mangrove sediments with other studies in world is 
shown in Table 8. The Cd concentration in this study 
is lower than some similar studies in China, New 
Zealand, Venezuela5,14,15, but its concentration is 
higher than other studies in other different areas such 
as China, Singapore, USA,  Mexico and some studies 
in Persian Gulf. The Cr concentration in present study 
was higher than it concentration in mangrove 
sediment in China, New Zealand, USA, Jordan and 
Mxico5,14,16,22, except in India and Venezuela. The Zn 
concentration in our study was lower than the similar 
studies in different areas of world, and also in Persian 
Gulf, but was higher than it concentration in 
Venezuela14, and in Jordan15. 
The comparison of metal concentration in the 
selected tissues of mangrove A. marina in present 
study with similar studies in world is shown in  
Table 9. The Cr level in stem tissue of A. marina in 
present study was higher than that in all similar 
research, except the study in India by Akshayya et al. 
Table 7 — EF for heavy metal in sediment 
 Cd Zn Cr Al 
Mean of metal in earth crust 0.3 95 35 80200
EF 3.47 0.507 2.27 0.344 
Table 8 — The comparison of metal concentration in the 
mangrove sediments in present study with other studies in world.
Cd Zn Cr Al Area References
- 120.23 - - Singapore [12] 
1.49 139 - - China [13] 
0.21 176.6 - - China [14] 
0.065 47.98 - - USA [15] 
1.34 54.02 56.33 - New 
Zealand 
[16] 
0.76 69.55 67.09 - Turkey [11] 
0.09-0.59 - 89.48 - India [16] 
1.76 - 32.79 8799.134 USA [17] 
0.45-1.76 52.44 - 12109.53 India [18] 
1.67 23.57 82.55 - Venezuela [19] 
0.715 31.08 21.54-
88.32 
- Jordan [20] 
0.11-0.83 78.31 42.001 - Mexico [21] 
0.21 - - - Persian 
Gulf 
[7] 
1.06 - 32.81 34051 Persian 
Gulf 
[8] 
0.41 55.23 55.89 - Persian 
Gulf 
[9] 
0.67 78.45 - - Persian 
Gulf 
[10] 
1.04 48.18 79.61 27578  This study
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(2007)23 and in Mexico by Gonzalez-Macias et al. 
(2006)24. Also, Cd concentration in stem in our study 
was lower than studies by Ghrefat et al. (2011) in 
coast of Jordan and by Abohassan et al., (2013) in 
Saudi Arabia coasts25. The heavy metal concentration 
in leaf tissue of A. marina was higher than the many 
studies, except in some studies where Cr and Cd 
concentration was higher than this study such as study 
by Adel et al. (2012) and Usman et al. (2013) in the 
coasts of Red Sea25, 26. 
The comparison of heavy metal concentration in 
the root tissue of mangrove species with similar 
research showed that Cr and Cd concentration in 
some studies is higher than that in the present study, 
such as studies by Zhou et al. (2013) in the Hong 
Kong coasts, Zhang et al. (2007) in the China coasts 
and by Usman et al. 2013 in Red Sea coasts26,29. But 
the metals concentration in this study is higher than 
the other studies as shown in Table 9. Therefore, it 
can be concluded that heavy metal pollution in the 
selected tissues of the mangrove tree A. marina 
specifically in the root tissue in present study is higher 
than that in many studies in different areas of  
The world. 
 
Conclusion 
The patterns of heavy metals in sediments and 
water are different from site to site and also in the 
different tissues of mangrove plant. The high 
concentration of metals in the sediment may be due to 
physical structure and chemical properties of 
sediment. The environmental factors and sediments 
features are different in different stations; therefore, 
the metal concentration changes in different stations. 
There was significant difference in heavy metals 
concentration between tissues of A. marina (P<0.05), 
because the capability of accumulating heavy metals 
different for different tissues. The root tissue has high 
capability for absorption of metals from sediments 
than the leaf and stem. Root absorb metals from 
sediments and transport them to other tissues such as 
leaf and stem. The significant correlation between 
metals concentration in sediment and parts of  
A. marina shown that the metal's concentration in 
tissues of mangrove trees can be affected by 
sediments. Therefore, this study has shown that A. 
marina possesses the capacity to take up selected 
heavy metals via its roots and stores in its leaves and 
stems, and can be used a biomarker for survey heavy 
metals in the coastal area. Finally, the concentration 
of metals in different parts of plants and sediments in 
Qeshm Island can be increased by anthropogenic 
activities like oil and petrochemical industries, 
agriculture and aquaculture from around the  
Persian Gulf. 
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